Burn-related mortality has decreased significantly over the past several decades. Although often attributed in part to regionalization of burn care, this has not been evaluated at the population level.
M ortality after burn injury has dropped over the last 20 years such that most burn injuries are now survivable.
1,2 These improvements have been attributed, in part, to a dedicated, multidisciplinary approach to the care of burn injury, prompting efforts to develop regional systems for the care of burn-injured patients. 3, 4 Although there is evidence in other areas of surgery and medicine that regionalization or concentration of care improves outcomes, there are limited data available relevant to the patient with major burn injury. [5] [6] [7] [8] [9] Efforts to characterize trends in regionalization, and its effect on the outcomes of burn injured patients, have been hindered by the lack of a consensus definition for what constitutes a burn center and a lack of data regarding care at nonburn centers. 4, 10 The only recognized mechanism for assessing and confirming the quality of care provided in a burn center is verification by the American Burn Association (ABA). 11 However, in the United States, nonverified (self-designated) burn centers outnumber verified burn centers, 10 and half of all patients are treated outside of burn centers altogether. 12 Additionally, outside of the United States, there are only four ABA-verified burn centers. 13 A further factor precluding efforts to study regionalization is that data regarding burn care and outcomes are largely derived from the National Burn Repository (NBR), a database maintained by the ABA. Participation in the NBR is voluntary for nonverified burn centers; as a result, the NBR only captures the 36% of burn patients who are treated at a participating center. 14 Although the NBR is a rich data resource for the study of outcomes among participating centers, it does not allow the study of processes of care or outcomes outside of NBR centers. A comprehensive evaluation of the benefits related to the regionalization of burn care requires data from all centers caring for burn-injured patients-both burn centers and nonburn centers, similar to the approach evaluating the benefits of trauma systems and/or trauma center care. 7, 15 As a result, there is limited information on the benefits of regionalization in burn care.
In this study, we aimed to evaluate temporal trends in 30-day mortality over a period characterized by increasing regionalization of burn care in Ontario, Canada's most populous province. Our population-based approach allows the capture of burn-injured patients across all centers, overcoming the limitations of previous studies. We postulated that the concentration of burn care had increased over time and associated with this, was a significant improvement in survival.
METHODS

Study Design and Setting
We conducted a population-based retrospective cohort study of patients living in Ontario, Canada who were admitted to hospital for treatment of acute major burn injury between April 1, 2003, and March 31, 2014 . Ontario has a population of greater than 13 million in a geographic area of 415,598 miles, 16 and is served by two adult regional burn centers, one of which is verified by the ABA. Similar to other Canadian provinces, the Ontario government administers a single-payer system that universally funds all hospital, laboratory, and physician services for eligible residents. This study was approved by the institutional review board at Sunnybrook Health Sciences Centre, Toronto, Canada.
Data Sources
Data were derived from three sources: (1) the Discharge Abstract Database (DAD)-a population-based administrative database which records all acute care hospitalizations in the province of Ontario after the year 1991; (2) the Registered Persons Database (RPDB)-an administrative database of all residents of the province of Ontario who are alive and eligible for coverage under the Ontario Health Insurance Plan; and (3) the National Ambulatory Care Reporting System-a populationbased administrative database which records all emergency department (ED) visits in Ontario. These data were made available through the Institute for Clinical Evaluative Sciences (ICES). ICES is a prescribed entity under the Province of Ontario's privacy law and holds a large proportion of the administrative health data collected in Ontario. Databases held at ICES contain health and sociodemographic information on residents of Ontario. These datasets were linked using unique encoded identifiers and analyzed at ICES.
Study Population
All individuals aged 16 years or older, living in the province of Ontario, Canada, and admitted to hospital for treatment of acute burn injury involving a total body surface area (TBSA) of 20% or greater between April 1, 2003, and March 31, 2014, were included. Patients lacking a valid health card number and nonresidents of Ontario were excluded. To focus on a cohort of patients likely to benefit from burn center care, we excluded patients who sustained other concurrent major injuries, including brain injury, major torso trauma, or long bone fractures. To limit the analysis to patients who might benefit from in hospital care, whether at a burn center or not, we excluded patients who died in the ED.
Eligible patients were identified from the DAD by the presence of an ICD-10CA diagnosis code in the range T31.20-T31.99. Patient characteristics were abstracted from the RPDB, and injury characteristics and admitting center were abstracted from the DAD. Age-and sex-stratified population estimates were derived from a database of yearly Ontario intercensal population estimates held at ICES.
Burn Center Care and Regionalization
Our goal was to characterize trends in mortality alongside trends in regionalization, defined as the proportion of patients receiving care in a regional burn center. A regional burn center was defined in accordance with the province's "Burns Center Consultation Guidelines." 17 These guidelines were developed by the Ontario Trauma Advisory committee and Critical Care Services Ontario, the entity responsible for oversight of burn care in the region, and serve to guide the transfer of patients to designated burn centers-of which there are three in Ontario (two adults, one pediatric). Attribution of burn center care was determined by the location of initial burn care. If a transfer from a nonburn center to a burn center occurred beyond 3 days after admission, the care was attributed to the nonburn center, recognizing that patients transferred after 3 days were likely initially admitted with the intent of definitive, rather than preliminary care.
Outcomes
The primary outcome in this study was 30-day mortality, including both in-hospital and postdischarge deaths within 30 days of injury. Discharge disposition in the DAD was used to capture in-hospital deaths, and postdischarge deaths were identified in the RPDB.
Covariates
Baseline patient characteristics including sex, comorbidity burden, urban versus rural residence, and income quintile were considered potential confounders, and therefore included in multivariable analyses. Comorbidity burden was represented based on the Johns Hopkins Adjusted Clinical Groups case mix system, 18 which assigns patients to one of six morbidity categories based on prior healthcare utilization. Income quintiles based on each patient's postal code were used as a marker of socioeconomic status. Patient residence was classified as urban or rural on the basis of the Rurality Index of Ontario (RIO); 19 this takes into account the population density of the city/town of the patient's residence, as well as the distance to the nearest basic and advanced referral center. A RIO of 45 or higher is considered rural. 19 We also considered the following injury characteristics to be potential confounders: TBSA, burn mechanism, and inhalation injury, as defined by ICD-10 diagnoses codes in the DAD. We have previously validated the use of ICD-10CA codes for identifying and estimating burn size. 20 
Statistical Analysis
A descriptive analysis of patient demographics and injury characteristics across the study period was performed. Annual age-and sex-specific incidence rates were estimated using annual Ontario population estimates, and compared across all years. Incidence rates were directly standardized for age and sex to the 2015 Canadian population. 21 The Cochran-Armitage test was performed to test for temporal trends, stratified by age and sex.
Logistic generalized estimating equations were used to derive risk-adjusted odds ratios (OR) for 30-day mortality across each year of the study. Least squares means were then used to estimate risk-adjusted mortality rates for each year. A second multivariable model was used to estimate the odds of mortality in the last 4 years of the study (2010-2013) compared to the first 4 years (2003) (2004) (2005) (2006) . We considered that in-hospital deaths occurring within 24 hours of admission might not be modifiable by regionalization; thus, we conducted two analyses, one including deaths within 24 hours, and one excluding these deaths. Stratified analyses were used to determine whether there was any effect modification, allowing for the determination of whether the secular trends in burn mortality differed by burn center status. Given the smaller sample size at nonburn centers, only age, comorbidity, TBSA, and inhalation injury were included in the analysis of outcomes at nonburn centers for model parsimony. Model concordance was assessed by determining the area under receiver-operating curves. All statistical analyses were performed using SAS 9.4 (Cary, NC). In all analyses, p value less than 0.05 was considered significant.
RESULTS
During the study period, 803 patients with acute major burn injury were identified, who received definitive care at 84 different centers (2 burn centers, and 82 nonburn centers). Of these, 31 patients died in the ED and were excluded from further analysis; the vast majority of these deaths (>90%) occurred in EDs at hospitals without a burn center. The proportion of patients treated at a regional burn center increased from 57% in 2003 to 71% in 2013 (p = 0.07).
The overall age-and sex-standardized incidence of major burn injury across the study period was 1.15 per 100,000 person years. The highest incidence of major burn injury was observed in males aged 45 years to 54 years (1.26 of 100,000). In contrast, the incidence of major burn injury in females was highest among those aged 75 years and older (1.10 of 100,000), while males ≥75 years represented the second highest incidence group (1.19 of 100,000). The overall rate of major burns increased from 2003 to 2006, then peaked and subsequently declined, before reaching a plateau in 2010. The age-and sex-stratified rates of major burn injury between 2003 and 2013 are presented in Figures 1 and 2 . Rates were higher in males (0.85 per 100,000 person-years) than females (0.30 per 100,000 person years), yielding an incidence rate ratio of 2.83 (95% CI, 2.47-3.25). No significant trends in rates were observed across age strata.
Patient Characteristics
Patients were 74% (n = 570) male, with a median age of 46 years (IQR, 35-60) ( Table 1 ). The majority of patients were urban-dwelling (80%, n = 620). A quarter of patients (n = 202, 26%) were in the lowest income quintile and only 8% (n = 58) were in the highest quintile. There were few changes in patient characteristics over 2003-14. Sex, age distribution and rurality were unchanged over time. However, there were significant changes in the distribution of patients across income quintiles over the interval of study; the proportion of patients in the lowest income quintile decreased from 35% to 16%, while the proportion of patients in the middle two quintiles (2 and 3) increased from 29% to 55%. The proportion of patients in the highest two quintiles (4 and 5) did not change significantly, representing approximately 25% to 30% of all patients each year.
A comparison of the patient and injury characteristics between 2003-2006 and 2010-2013 , stratified by burn center status, is presented in Table 2 . No changes were observed in age, income quintile, or comorbidity. The proportion of female patients treated outside of burn centers increased over time, whereas the proportion of rural residents treated outside of burn centers decreased over time.
Injury Characteristics
Baseline injury characteristics are presented in Table 1 . The median %TBSA was 35 (IQR, 25-45), and the incidence of inhalation injury was 9% (n = 70). Most injuries were secondary to flame (66%, n = 510), or contact (31%, n = 238) burns while a small proportion (3%, n = 24) were electrical in nature. Cause of burn remained relatively stable over time. No significant temporal trends were observed in either burn extent or incidence of inhalation injury.
In both 2003-2006 and 2010-2013 , burn centers admitted significantly more patients with inhalation and electrical injuries compared to nonburn centers ( Table 2 ). The proportion of patients with flame injuries treated outside of burn centers increased over time.
Resource Utilization and Discharge Disposition
Median (IQR) hospital length of stay was 12 (18) days. The majority of patients were discharged home (58%, n = 350); of these, most (33%, n = 205) were discharged home with support, such as in-home nursing visits for wound care, while 145 (n = 24%) patients were discharged home without support. One third (31%, n = 189) of patients were discharged to a rehabilitation or long-term care facility. The proportion of patients discharged home decreased significantly between 2003 and 2014 (68% to 46%, p <0.001); concomitantly, there was a significant increase in the proportion of patients discharged to inpatient rehabilitation facilities or long-term care (9% to 36%, p < 0.001). 
Mortality
The overall 30-day mortality rate was 19% (n = 149); excluding deaths within 24 hours of admission, the 30-day mortality rate was 10% (n = 68).
After adjustment for patient and injury characteristics, the (Table 3 ). The ROC for these models was 0.75 (95% CI, 0.53-0.97) and 0.88 (95% CI, 0.79-0.97), respectively.
Trends in risk-standardized mortality rates are presented in Figure 3 . Greater variation in year on year mortality was observed at nonburn centers as compared to burn centers.
DISCUSSION
This population-based analysis characterizes the burden of major burn injury in the province of Ontario, providing critical epidemiologic data for future resource planning and injury prevention efforts. We characterized the concentration of care in our geographical region, and examined trends in regionalization over time. Overall, the proportion of patients treated at a burn center increased from 57% to 71%; thus, almost 30% of patients with major burn injury continue to receive care outside of regional burn centers. Our data suggest that 30-day mortality rates have improved significantly over the last ten years. Although these improvements were observed at burn and nonburn centers, consistent improvements were observed at burn centers, particularly over the last three years. At nonburn centers, mortality varied greatly from year to year. The overall incidence and severity of burn injury, in terms of both burn extent and the incidence of inhalation injury, has remained stable over time.
We have identified a significant opportunity to further centralize the care of majorly burn-injured patients, and in so doing, to potentially improve their outcomes. Although burn care did become increasingly concentrated over time, 30% of patients continue to receive care outside of a burn center. Few data sources exist to facilitate the study of trends in regionalization of burn care, limiting our ability to compare local trends in regionalization to other areas. Some data exist to suggest regionalization has occurred throughout the United States. Kastenmeier et al found that admissions to five regional burn centers in the United States increased by 31% over 1998 to 2006 22 ; given reports of stable, or decreasing incidence of burn injury overall, this increase in admissions likely reflects improved regionalization of care. Similarly, in New York, the proportion of patients receiving burn center care increased from 33% to 77% between 1985 and 2006. 3 Although difficult to quantify, many authors attribute recent improvements in mortality and health care utilization to the concentration of care in burn centers. 23, 24 Our study endorses this finding, as mortality rates decreased alongside increasing concentration of care in burn centers.
The factors that may contribute to reductions in mortality remain to be definitively characterized. The observed differences in mortality trends on the analyses stratified by burn center status suggest that the effect of time on mortality is modified by treatment in a burn center. Burn centers use a resource-intensive, multidisciplinary approach to burn care that is patient-oriented and rooted in processes of care aimed at improving the quality and outcomes of burn care. Prior efforts to demonstrate an association between burn center care and improved outcomes have largely focused on burn center volumes, rather than burn versus nonburn center care. This work has not conclusively demonstrated better survival in high-volume burn centers. 25, 26 Our study compared trends in mortality at two regional burn centers to 82 nonburn centers, irrespective of patient volumes. The definition of a burn center in our region is largely based on available resources; one of the two burn centers is an ABA-verified center. Thus, direct comparisons with our study are limited, as this is the first study to compare burn and nonburn center outcomes using a population-based approach.
The failure of previous studies to link burn center volumes and mortality might be explained in several ways. Mortality might be an insensitive marker of burn center care, due to confounding by varying illness severity, immortality time bias, or other unmeasured factors. It may be that centers have not met the volume threshold at which a mortality benefit exists, or that all centers studied have actually exceeded this critical volume. Another possibility is that the benefit of regionalized burn care is best represented by outcomes other than mortality, such as inpatient and postacute care health resource utilization, healthrelated quality-of-life, and functional recovery. These outcomes have not traditionally been studied in the burn literature, [27] [28] [29] though one study has demonstrated that burn center care is associated with reduced length of stay and inpatient costs. 30 The next improvements in the structures of burn care will follow characterization of these outcomes, an understanding of the patients most likely to benefit from specialized care, a consistent definition of what constitutes specialized care, and further characterization of the infrastructure required to support a centralized burn care system. Furthermore, an understanding of triage practices is also necessary; that 30% of patients with major burn injury do not reach a burn center might reflect a conscious decision on the part of community surgeons who feel burn care is within their scope of practice, versus an infrastructure problem, where differences exist in access to care. A characterization of these barriers will inform future efforts to achieve fully concentrated care, with resultant improvements in outcomes after major burn injury.
Efforts to further regionalize care and improve outcomes for burn-injured patients are justified, given that the overall incidence of major burn injury in our geographical region has remained stable over the last eleven years. This finding is similar to that reported in a non-population-based Canadian study which reported stable incidence between 1995 and 2004. 31 In contrast, Australian and European studies have reported a decreased incidence of overall burn admissions. 32, 33 These observed differences might reflect differences in inclusion criteria and study periods, as well as increased awareness of patients that can be successfully managed as outpatients, regional case mix variations, and local cultures of care and resource availability.
To date, few studies have published population-based rates of burn injury. We have estimated an overall incidence of 1.15 admissions per 100,000 person-years; this is not directly comparable to other published rates, as we have included only patients with ≥20% TBSA injury, and no other populationbased rates exist for this specific cohort. While the overall incidence of major burn injury is relatively low compared to other causes of injury, 34 these patients have significant health resource needs, with inpatient length of stay regularly approaching two weeks, and the majority requiring inpatient rehabilitation after discharge; only one-quarter of patients are discharged home without support. The incidence of major burn injury is particularly high among the elderly; among females, incidence is highest among those aged 75 years or older, and among males those aged 75 years or older represent the second highest incidence. Resource planning efforts must acknowledge that as the population grows, particularly alongside aging of the baby boomer generation, 35 the volume of patients requiring burn care may increase. We recognize several limitations of this study. The use of administrative data precludes our ability to perform comprehensive risk adjustment. Furthermore, significant variation in burn size estimation exists among physicians, 36 which may result in incorrect documentation of burn size. Overestimation of burn size may introduce misclassification bias, such that patients with <20% TBSA may be included. Ultimately, this may lead to an overestimation of the number of centers providing care to major (≥20% TBSA) burns, and an underestimation of regionalization and mortality. Another limitation concerns our definition of burn centers. We considered a patient to have received burn center care if they were transferred within 3 days of their injury; this may have underestimated the number of patients who received definitive care in a burn center. However, this likely has resulted in an underestimation of the true association between burn center care and mortality. If we assume a benefit to burn center care, then attributing the outcomes of patients transferred beyond 3 days to the nonburn center likely biases our comparison towards the null. The optimal interval within which burn patients should receive definitive care has not been defined. Errors in the estimation of burn size and depth by inexperienced practitioners can result in underresuscitation or overresuscitation, with well described negative sequelae, including compartment syndrome, acute kidney injury, and shock. 37, 38 Thus, patients transferred more than 3 days after their injury might not have modifiable outcomes to the same extent as those transferred in a timely manner. Our conclusions are also limited by the sample size of patients treated in nonburn centers; as a result, we are likely underpowered to detect significant trends in mortality at nonburn centers. Significant variations in mortality were observed at nonburn centers compared to burn centers, and future work should characterize whether this variation truly reflects varying processes of care. Our analysis of the health resource needs of burn survivors has not extended beyond the inpatient phase; it is likely that these patients continue to require regular contact with the healthcare system that we have not captured.
In conclusion, we have characterized the burden of major burn injury at the population level in a geographical region of more than 13 million, and have demonstrated that burn injury is a consistent source of morbidity and mortality year after year. Significant improvements in mortality have occurred after major burn injury. These improvements were most significant at burn centers, while mortality rates vary widely outside of burn centers. A considerable opportunity to further regionalize care exists. Future work should focus on identifying barriers to regionalization of burn care and delineating the outcomes most valid to patients. 
